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IHTRODUCTIOH 



The detection and Beasurenent of organic coMpovinds in 
the BBbient air by the staff at the Air Resources Branch of the 
Ontario Ministry of the Environnent is presently accomplished 
by a gas chromatograph / Bass selective detector system 
(GC/MSD) . Organic airborne contaainants are collected on and 
themally desorbed from a glass cartridge containing three 
layers of adsorbent materials, and then injected into the GC. 
The sample is split into three streams: two streams pass 
through capillary columns (of different polarity) to flame 
ionization detectors (FID) ; the other stream passes through a 
capillary column to the mass selective detector for generation 
of the mass spectra of the individual compounds. Conpound 
identification is made by comparing the mass spectra to a 
library of known mass spectra, and by comparing the retention 
indices for the compounds (on the two columns connected to 
FIDs) to a user-generated library of Known retention Indices. 
Concentrations are determined by calibrating the GC system with 
standard injections and comparing the peak areas. 

In some cases GC/MSD is not sufficient for complete 
characterization of the GC oluate due to the inability of the 
MSD to distinguish between certain isomers. Comparison of 
infrared spectra (IH) is a complementary technique to the MSD 
usage that can significantly improve the confidence and number 
of compound identifications in a sample. Until the last few 
years the IR method was relatively insensitive compared to mass 
spectrometry (MS) ,• however the recent commercial introduction 
of a matrix isolation (MI) interface between a GC and a Fourier 
transform infrared (FT-IR) spectrometer has changed that 
relationship. The GC/MI/FT-IR system captures the compounds 
eluting from the GC column in an IR transparent matrix of solid 
argon at a temperature of 121t. The separated compounds can 
then be scanned with the FT-IR spectrometer for indefinite 
periods. Good quality MI/FT-IH spectra can be obtained for 
most organic compounds with less than 10 nanograms (lo"' gm) , 
while the more polarmolecules may be seen at levels of only 50 
to 100 picograras (10 gm) . 

In addition to the equivalent sensitivity to MS, the 
MI/FT-IR spectra have very sharp features due to the extremely 
low temperature of the argon cage, the limited rotational 
motion of the trapped molecules, and the lack of Intermolecular 
effects ( argon;analyte ratio is approximately 1000:1 ). The 
simplified spectra with sharp features will usually ensure that 
different isomers can be easily distinguished. 

The objective of this study was to evaluate thermal 
desorption of cartridges as an effective means of introducing 
air sanples to the GC/MI/FT-IR system. 



GENERAL DESCRIPTION OF THE KETHOD 

Ambient air samples were collected on three-layer 
adsorbent cartridges connected to Gilian samplers operating 
usually at a sample flow of 100 mL/mln for 60 minutes, thereby 
giving a six litre sample. The adsorbents used were Carbotrap 
B, Carbotrap C and Spharocarb - each layer was about 2 cm long 
in the 7 mm id glass cartridge, separated and held in place by 
plugs of quartz wool. The loaded cartridge was loaded into a 
thermal desorption system (CRYOTHERM 8901) built by an 
instrument specialist at the Air Resources Branch. The 
cartridge was heated to 300 c for 7 minutes under a helium flow 
of 10 ML/min, thereby driving all contaminants through a Ha f ion 
dryer onto a short length (7 cm) of nickel capillary tubing 
(the "loop") , being cooled to a temperature of -180 C at one 
end and about -50 C at the other. The cold loop served to 
focus the contaminants into a small plug, which was then 
balllstically heated for 12 seconds under GC carrier gas purge 
(helium) and driven onto the bead of the GC column for the 
start of the GC analysis. Figure 1 outlines the method. 

The sample components passed through the GC column to 
a splitter which sent about 20 * to the FID and 80 t to an 
open-split interface, where the argon matrix gas was added to 
the eluate and then sent down the transfer line (240 C) to the 
slowly rotating cold disk (12 K, 10~ torr) . A solid argon 
track was fonoed on the disk surface with the eluted compounds 
embedded sequentially along its length according to their 
retention time on the GC column. The disk was then rotated 180 
degrees to position the track in the optical path of the FT-IR 
spectrometer. The track was slowly stepped through the optical 
path, with the total IR absorbance measured at each step, to 
produce an IR chromatogras of the GC analysis. This IR 
chromatogram (PSIR) was used together with the FID chromatogram 
to decide where to collect IH spectra along the track. An 
example of both chronatograms is shown in Figure 2. 

RESULTS AND DISCUSSION 

The first test of the new desorption unit was to see 
how effective it was in desorbing cartridges spiked with a 
standard mixture of organic compounds. In comparison with 
standard injections at port |2 of aromatic and chlorinated 
organicB, the peak areas and GC chronatograms were essentially 
identical. Redesorption of the same cartridge showed no 
residual peaks. 
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What else was trapped on tha cartridge during 
aanpling and then deaorbed? Carbon dioxide and water were also 
seen in all samples in relatively large amount*. Fortunately 
^^LS"* '""''' f""^^ molecules with fairly simple MI/IR spectra 
at 12K, so their characteriatic absorption band* could often be 
subtracted from the sample apectra without problem*. 

Dryer 

several procedures were tried in order to minimize 
the water (important) and carbon dioxide effects on the system 
The trapping of large amounts of water was expected, so the 
desorber was designed to include a Kafion dryer in-line between 
the cartridge and the cold "loop". Published results on Naflon 
dryer investigations also suggested that conditioning the dryer 
between samples by heating it up to 100 C, with purging gas, 
and cooling it down to ambient temperature, would improve the 
water renoval effectiveness by a factor of 20. 

RESULT: Based on visual comparison of the water 
droplets formed on the cartridge walls during the 
desorption step to the ice crystals formed on the cold 
disk during the GC analysis, the Naflon dryer is very 
effective In removing more than 90 % of the water. 

GC oven temperature program 

The standard procedure at the ARE lab was to start the GC 
analysis at an oven temperature of -60 C and ramp it up to 200 
C at 10 /min. That temperature program In the present study 
led to a broad water peak covering the 3-10 minute period 
in the eluate, although only noticeable in the IR 
chromatograa and not in the FID response. A procedure that has 
met with some success was to start the GC analysis at oven 
temperature of +20 C, hold for 3.0 minutes, and then ramp at 
whatever rate desired. 

RESULT: Holding the GC oven temperature at +20 C for 
the first 3.0 minutes focused both the carbon dioxide and 
the water into relatively narrow plugs that were mostly 
eluted by that time, allowing fairly clean spectra for 
compounds eluting after pentane (retention index - 500) . 
Different conditions may be necessary to get clear results 
for the compounds eluting earlier. 
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Tenax GC 

Another possibility that was investigated was to 
make a cartridge with Tenox GC as the adsorbent, and test the 
claim that it Is hydrophobic, I.e. docs not trap water. 

RESULT: Hore than twice the usual amount of water was 
deaorbed from the Tenax GC cartridge - visual observation 
only. The conclusion was that the present cartridge was 
satisfactory for now. 

Quartz Wool 

Ambient air samples spiked with standard Injections 
were collected on cartridges packed only with quartz wool to 
determine if the water, carbon dioxide or the organics were 
being trapped on it to any extent, instead of completely on the 
three layers of adsorbents. 

RESULT: The desorbed cartridges showed that nothing 
had been trapped on tha quartz wool, making It entirely 
neutral in the adsorption/desorption process. 

Ambient Samples 

Ambient air samples were collected in the downtown 
Toronto area during July and August, in duplicate, by adjacent 
Gilian samplers operating at 100 mL/mln for 60 minutes in most 
cases. One set of the cartridges was analyzed on the existing 
GC/MSD system at AHB. The other set was analyzed on the 
GC/MI/FT-IR system. 

Attention was focused on 11 compounds (Table 1) from 
the target list of 22 compounds currently used at the ARB 
mobile support laboratory. MI/FT-IR spectra were obtained for 
each compound, baseline-corrected, then computer searched with 
a squared difference algorithm against a user-generated library 
of about 180 MI/FT-IR spectra and a commercial library of 50OO 
MI/FT-IR spectra (if necessary). Each spectral search with the 
small library took about 1.5 seconds, the large library about 
1.5 minutes. 
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Identification 

oi-,r *i I<J«ntification by IR was considered accurate if a 
clear H choice was listed in the hit liot or if all of th« 
«aior spectral features were superinposable between the sa-Dle 
spectrum and the library spectrum. In all cases if a "'"Pl* 
sufficient amount of the compound was present, the #1 choice 
was clear or a quick visual comparison of the spectral features 
for the top 10 Choices would determine the identity **^'=""= 

.<♦- *< -"* operator of the GC/MSD system found a similar 

^ft^^ti?" '^".^''^ "^^"^ ""P^^ ^«*- * s"«icl«nt amount o? 
material usually produced a #1 hit or ^*■ /.™,irf ».» j^ ■ ^ 

quickly scannml Visually through\he top'iS'choIcef "S^^o^ "^ 
iso.:"!"""" ''""''' " *'^^^^^^' ™- "^tinguishi^^-thr^l'ene 

Concentration 

. Although the primary strength of the GC/HI/pt-IR 
technique IS unambiguous identification of the coipounis an 
initial attempt was made in this study to determine some 

spectral features for each compound - usually the laroest oL 
Based on four replicate injections of a low concentrlHon 
standard mixture, and assuming the Beer-Lambert to be t^e thn 
concentrations of the 11 target compounds ^re ca^cutatl^ for 

GC/MSD svsL^'^t"* ""•'J^" *"^ com^red with results f«m?he 
GC/MSD system. In general the results wore in ouite aood 
agreement and will be presented. ^ ^ ^ 

other Results 
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-„v,<i i There were a few samples taken in support of the 
mobile air monitoring units (MAHU) during their ambient air 
pr^lnted" " °- ^°"* °' ''*""'^ findi„|s will also be 
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Target Compounds 

1, 1, l-trichloroethana 

benzene 

trichloroethene 

toluene 

tetrachloroethene 

cthylbenzene 

ni,p-xylene 

o-xylene 

1,2 , 4-triiiiathylbenzene 

1,2, 4-trichlorobenzena 

naphthalene 



Eetention Time (ain.) 

7.84 

8.91 
11.74 
14.82 
16.35 
18.66 
19.06 
20.36 
24.55 
29.13 
29.34 



Mote 1. Retention times based on a GC oven temperature program 
of: hold at +20C for 10 nin., 10 deq/min up to 73C, hold for 
5 min, and 10 deg/min up to 200C 
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10. 00 !□.„„ 20.00 2S.0O 
RETENTION TIME (■lnut«B) 



30.00 33.00 



"^"'^ J ':l'ro.„„g,,. 



«2 



93 



Page 1 of S3 

llllllllll 

(6979) 
TD/5/T43 



